Methods for mapping and determining the condition of archaeological resources while they are still underground have been in development for nearly half a century. The authors here offer an example from the frontiers of the art: the application of a package of remote sensing procedures not only designed to locate sites but to model the valley deposits which contain and cover them. The variation in success of different methods in different deposits offers a guide to the design of evaluation projects on sand and gravel terrain everywhere.
Introduction
Archaeological remains within river valleys are often exceptionally well preserved through a combination of the presence of high water tables, stable terrace surfaces and substantial depths of alluvium (Brown 1997; Howard et al. 2003) . However, recent archaeological research focused on British river valleys has shown that both cultural and taphonomic factors influence the wealth and spatial distribution of the archaeological resource across floodplains and terrace surfaces. A number of authors have demonstrated a direct link between the distribution and preservation potential of archaeology and the observed geomorphology (Howard & Macklin 1999; Passmore et al. 2006) . Such patterns of preservation are not unique to the UK and have been observed in Europe ), Africa (Pearl & Dickson 2004) and North America (Bettis & Mandel 2002; Bauer et al. 2004) . Published studies are not just restricted to empirical observations; recent analytical work within meandering river systems has sought to predict the spatial distribution of archaeology 1 Method A.J. Howard et al. on the basis of patterns of erosion and sedimentation, using a landscape evolution model (Clevis et al. 2006) .
Archaeological research in Britain has indicated that river confluences and their adjacent floodplains are the focus of prolonged activities. In the Palaeolithic, terrace promontories of higher ground extending into confluence wetlands appear to have formed attractive localities for temporary hunting camps (Wymer 1999) . Aerial photography of cropmarks first illustrated the importance of these areas in the Neolithic and Bronze Age for ritual and funerary activity often associated with the deposition of metalwork (Scurfield 1997; Barclay & Hey 1999; Malim 2000; Brown 2004) .
River confluences and their immediate environments are complex, dynamic landscapes, where processes of erosion and sedimentation are extremely variable, reflecting the changing courses of the rivers through time (Best 1988; Bradbrook et al. 2001) . The dominant mechanism of floodplain evolution will have an important influence on the preservation potential of the archaeological record. For example, an avulsive system (i.e. one where there is rapid switching of the stream within a pre-existing palaeochannel network, Ashworth et al. 2004 ) is liable to have a high potential for the preservation of in situ archaeological remains, due to limited channel migration. Such rapid channel movement can also result in the preservation of high densities of organic-rich palaeochannels (Brown 2003) . In contrast, river systems that evolve through extensive lateral migration are liable to have a lower potential for the preservation of in situ archaeology. However, even in laterally mobile river systems, active channel migration should not be assumed to lead solely to the destruction of in situ archaeology and even where it does, careful recording of the archaeology can provide valuable information for the reconstruction of floodplain hydrology and human activity (Salisbury et al. 1984; .
Using a case study in the middle Trent Valley (UK), this paper examines the distribution and preservation potential of archaeological resources within a geomorphologically dynamic confluence zone. The complexity of floodplain evolution has necessitated the development of an integrated approach to geoprospection, using a combination of aerial and ground based remote sensing techniques within a GIS framework. Different methodological approaches are required within contrasting geomorphological settings and this paper demonstrates how both natural taphonomic processes as well as human activity within the landscape affect distributions in the archaeological record. Such an approach has generic applicability to other temperate river systems and as such, this paper puts forward some methodological guidelines.
The Trent-Soar valley floor confluence zone
The confluence zone of the Rivers Trent and Soar (Figures 1 and 2) is a major British river junction, renowned for its rich archaeological record (Knight & Howard 2004) . Quarrying from the turn of the twentieth century led to the early discovery of some archaeological remains, but it was the publication and analysis of aerial photographs of the terrace gravels from the 1960s that provided the first major insight (Cooper 2006) . These archaeological remains include a later prehistoric ritual and funerary landscape comprising ring ditches, cursuses, henges, pit circles and a possible mortuary enclosure (Pickering & Hartley 1985 ; Figure 1 . The location of the study area on national, regional and local scales. Loveday 2004) , as well as the Lockington Iron Age and Romano-British settlement and villa complex (Frere & St Joseph 1983; Pickering & Hartley 1985) . Since the 1980s the confluence and its immediate environs have been the focus of a number of archaeological investigations, in response to quarrying and infrastructure developments, including deskbased, aerial, geophysical, and field surveys which have furthered our knowledge of this historic landscape (see Cooper 2006 and references therein) .
In addition to the identification of archaeology on the Pleistocene terraces, significant waterlogged cultural and environmental remains (including large tree trunks) have been recorded buried within and beneath Holocene palaeochannels and sand and gravel deposits (Salisbury 1992) . The depth of burial of such archaeological remains renders them largely invisible to conventional methods of surface prospection such as fieldwalking and aerial photography. This point is well illustrated by data from the now exhausted Hemington Quarry, immediately west of the study area, which has produced a wide variety of archaeological finds buried within a 3-4m thick sequence of Holocene sands and gravels. Individual remains include Neolithic to medieval fish-weirs, medieval eel baskets and Method A.J. Howard et al. Figure 2 . The geological units of the Trent-Soar confluence as defined by the British Geological Survey (BGS). Terrace edges have been added by the authors and it should be noted that in part these do not agree with BGS mapping. associated fishing related artefacts; larger structures include a medieval mill-dam and probable mill race, three medieval bridges, and a large fixed engine fishing platform, also of medieval date (Salisbury 1992; Cooper 2003) . Other notable remains found locally include Bronze Age log boats at Shardlow Quarry, close to the Trent-Soar confluence (Garton et al. 2001) and several clusters of Bronze Age metalwork, also notably around Shardlow (Scurfield 1997) ; these latter finds mirror a broader national trend of metal deposition in watery contexts (Bradley 2007) . At Elvaston Quarry, close to Shardlow, but on the River Derwent, Bronze Age metalwork has also been recovered from quarry conveyors in association with human and animal remains (Davis 2003) .
Methods
Our new survey project employed a package of innovative technologies to enlarge the archaeological record and identify taphonomic processes. Airborne remotely sensed data was captured using a combination of lidar and standard aerial photography. Lidar has become an established tool for landscape analysis within archaeology with comprehensive reviews provided by Bewley et al. (2005) and Challis (2006) . In this study data was captured using a 1m data posting. The data set comprised a first pulse digital surface model (FP DSM) and last pulse digital terrain model (LP DTM). The FP DSM produced a model of topography from the first reflective units encountered, including components such as tree canopies, the top of ground vegetation and buildings. The LP DTM produced a model of topography based on a 'bare earth surface', with factors such as vegetation removed. The FP DSM and LP DTM allowed assessment of surface relief and the production of a landform assemblage map (Passmore et al. 2006 ).
On the ground, a combination of Ground Penetrating Radar (GPR) and Electrical Resistivity (ER; also known as Electrical Resistivity Ground Imaging [ERGI]) was used to investigate three-dimensional sedimentary architecture of terrace and floodplain deposits as well as palaeochannels. GPR was undertaken using a GSSI SIR3000 system with a 200MHz antenna. ER survey was undertaken using a Syscal Junior 48 electrode system. Geomorphological mapping and auger coring was undertaken to ground-truth the interpretations of all the remote sensing techniques and to provide additional information on sediment stratigraphy. The entire dataset was integrated within a GIS (ArcView version 8.3), with some perspective 3D modelling in ArcScene (version 8.3).
Archaeological data held by Derbyshire and Leicestershire County Councils Historic Environment Records (HERs) was also incorporated within the GIS together with geological data derived from the British Geological Survey (BGS) 1:50 000 field maps. When combined with lidar, this allowed the construction of a terrace sequence model, which allowed zonation of the valley floor into areas of varying geoarchaeological potential.
Results
The results presented here assess and describe the distribution of the known archaeological resource (now known in UK as the HER or Historic Environment Record) in the context of the geology and geomorphology of the confluence zone. The lidar LP DTM (Figure 3 ) clearly reveals a number of landform assemblages including a relatively recent floodplain, an intermediate terrace (Terrace 1) and a higher terrace (Terrace 2). This stratigraphy agrees with that produced by the British Geological Survey (BGS), although the lidar imagery identifies significant variations in height across Terrace 1, as well as a number of palaeochannels traversing the valley floor. Plotting the known archaeological record against the lidar LP DTM (Figure 4 ), including features identified from geophysics and aerial photography, gives a cluster of 19 sites/find spots on Terrace 2. This sedimentary unit, termed the Holme Pierrepont Sand and Gravel by the BGS, was deposited by a meltwater-enriched River Trent during the late Devensian, approximately 20-10 Ka BP (Brandon 1996) . In contrast, only six HER entries are recorded on Terrace 1 (the Hemington Sand and Gravel) and modern floodplain, which have both developed during the Holocene. Querying of the HER by period ( Figure 4 ) indicated that the majority of known sites on Terrace 2 are prehistoric or Romano-British in age, although any archaeological material from the Late Upper Palaeolithic onwards has the potential to be found on this relatively old, stable terrace. To date, Iron Age and Romano-British remains tend to dominate the record of the confluence zone, but this probably represents a disparity in the 'known' record since sites from these periods are often large and easily recognisable from aerial photographs as well as from terrestrial geophysical survey (Figure 4) .
Although Terrace 1 has a much smaller number of find spots compared to Terrace 2, a broad age range is again observed, potentially dating back to the Neolithic. This suggests that Terrace 1 may have been aggraded over an extended period of time, a point corroborated by tree ring dating of bog oaks stratified within the sediments at Warren Farm Quarry in the study area; analyses suggest two chronologies of c . 2700-2600 BC (n = 3) and c . 2500 BC (n = 1) (Arnold et al. 2007) . Lidar data indicate around 5m of vertical relief across the terrace and it seems probable that different parts of this landsurface were available for occupation at different times. However, such subtle changes in elevation and topography are no longer visible to the naked eye because of erosion and/or further alluviation.
Explaining disparities in archaeological distributions
Interrogating the HER to determine how archaeological sites were detected produced some significant results and helps to explain the disparities in the known record ( Figure 4 ). All sites identified on Terrace 2 were found through fieldwalking or by aerial photography augmented by geophysical survey, suggesting that the soils are thinly developed across the unit. In contrast, the smaller number of sites identified on Terrace 1 and the floodplain were not generally recorded through fieldwalking and aerial photography, but from exposure of deeper strata. A number of techniques have been used to understand the subsurface stratigraphy of deeply alluviated valley floors. Analysis of borehole logs can provide information concerning deposit thickness, geometry and origin. However, a step change in the resolution of information provided by boreholes can be achieved if they are modelled within a GIS framework and augmented by information collected using selected geophysical techniques (Bates & Bates 2000; Challis & Howard 2003) . Recently, Bates et al. (2007) have demonstrated the value of collecting further information from boreholes using selected geotechnical engineering tests (e.g. cone penetration to determine resistance of sediments and hence physical character) as well as through macrofossil analysis. In this study, mineral company borehole records provided relatively coarse stratigraphic information. In order to enhance site stratigraphic data, a combination of GPR and ER was undertaken across selected units. The combination of techniques was required since although GPR is extremely effective within (drier) terrace gravel contexts, the signal is attenuated within fine-grained silts and clays of the floodplain and palaeochannels (Vandenberghe & Overmeeren 1999) . In these latter environments, ER allowed the recognition of fine grained stratigraphy (Baines et al. 2002) .
GPR data collected across Terrace 2 confirmed that the soils are shallow (around 0.4m thick) and overlie braided river gravels, a point exemplified by GPR Transect 2, Terrace 2 ( Figure 5 ; see Figure 3 for location). The shallow nature of the soils suggests that the visibility of the archaeological resource is intimately linked to its preservation status; archaeology on these shallow soils is almost certainly within the plough zone and hence the focus of destruction, a point emphasised by the significant amount of material collected through fieldwalking.
GPR survey across Terrace 1 and the modern floodplain revealed between 0.75m and 1.5m of fine-grained alluvium ( Figure 5 , Transect 1; see Figure 3 for location). This greater thickness of alluvium on Terrace 1 helps to explain the fewer number of sites identified either as cropmarks or through fieldwalking. Whilst thicker alluvium hinders geoprospection, it may bury and protect sites from plough damage. The thicker deposits of alluvium and higher groundwater tables across Terrace 1 and the floodplain reduced the capability of GPR (through attenuation of the signal), allowing only the broad geometry and character of the deposits to be recorded, providing little finer stratigraphic detail. The internal characteristics of the thicker sequences of alluvium were further complicated by the presence of major palaeochannels, which contained significant organic-rich fills. To elucidate the internal structure of these sequences of alluvium and channel fills a series of ER transects were undertaken across the contrasting terrain units (i.e. adjacent terrace-floodplain-channel surfaces). Testing of the interpretation of ER data against the results of hand augering demonstrated that ER was extremely effective at delimiting the gross morphology of the palaeochannels, defining their depth and cross-sectional geometry and provided additional information via resistivity values, on the wetness and hence preservation potential of their fills.
ERGI Transect T1A investigated a palaeochannel on Terrace 1 (Figure 6 ; see Figure 3 for location) identified from the lidar LP DTM. The ER cross section is shown alongside stratigraphy derived from gouge core survey and also a corresponding GPR section. This palaeochannel is somewhat anomalous within the study area, with a deep fill (c . 4m) above gravels. Internally, the stratigraphy of the feature was complex, comprising several discrete sediment units. The GPR transect clearly demonstrates the limitation of using this technique when investigating water-saturated/clay-rich palaeochannels. The terrace gravels are definable at the start of the GPR transect, but as soon as the edge of the palaeochannel is encountered the technique produces no interpretable data. In contrast, the ER transect defines the two major units of the terrace (high resistivity units A and B) and the palaeochannel (low resistivity units C and D). The interface between the fine-grained alluvium and the top of the gravels and also the stratification within the palaeochannel, is not precisely defined from the ER section, although much information is derived on gross morphology of the alluvial sequence, which correlates with the gouge core stratigraphic data. The palaeochannel sediment units defined by gouge coring are not identifiable as discrete entities within the ER section; of these, unit 20 (olive brown dark grey clay) and unit 19 (blue grey clay) were recorded as having high organic preservation potential. The silt and sand clay units in the upper part of the palaeochannel are partly identified as unit C (alluvium). The area of lowest resistivity within the palaeochannel is unit D. Therefore, the application of ER within this study proved its value for the geoprospection of fine-grained palaeochannel fills, identifying the depth of the features, as well as some indication of preservation potential. The resolution of data provided by undertaking multiple transects across the study area is high and allows the identification of areas such as palaeochannel segments where suitable samples are likely to be recovered for further environmental analysis and radiometric dating.
Development of a chronological framework
Interrogation of the archaeological, geological and landform assemblage datasets within a GIS allows the construction of a terrace sequence model that also serves as a map of archaeological potential. The lidar LP DTM provides a relative-age model based on the topographic heights between the geomorphological units. Whilst relative age frameworks are exceedingly valuable, high-resolution chronological control can only be achieved through the development of a radiometric-dating framework.
For the majority of research projects dealing with the Late Pleistocene and Holocene, this is usually achieved using radiocarbon techniques with due consideration of the problems of plateaux in certain time periods (Guilderson et al. 2005) . To an extent, these chronological problems are being overcome by interrogating multiple radiocarbon datasets using advanced statistical methods, most notably Bayesian modelling (e.g. Buck & Blackwell 2004) . Increasingly, with respect to alluvial archaeological studies, other methods are being considered, which can also deal with longer timescales. Of particular note is the application of luminescence dating to quartz-rich sediments (Duller 2004) , though this technique is still the focus of methodological development, particularly relating to re-zeroing of the luminescence clock (Rodnight et al. 2006) .
Within this study a combination of (AMS) radiocarbon and Optically Stimulated Luminescence (OSL) methods were applied to sediments extracted from undisturbed sediment cores (collected using a Geoprobe). AMS radiocarbon techniques were applied to organic material collected from the basal and uppermost organic horizons within the palaeochannels to provide an indication of the timing of channel activation and abandonment. In contrast, OSL samples were recovered from bar-top localities (beneath alluvium), immediately adjacent to palaeochannels in an attempt to provide an indication of channel migration (Figure 7) . This chronological data is reported fully elsewhere (Hamilton et al. 2008) , but the broad trends of the data are also summarised visually in Figure 7 .
Terrace 2 represents a stable landsurface of considerable antiquity and offers the potential to preserve multi-period archaeological remains (i.e. Upper Palaeolithic to post-medieval). In contrast, the sands and gravels of Terrace 1 were aggraded from the Neolithic onwards with significant fine-grained alluviation commencing in the Bronze Age. Despite the absence of significant 'visible' archaeological remains across Terrace 1 there is the possibility of burial of prehistoric and younger deposits in what would have previously been considered 'blank' areas. Since parts of Terrace 1 extend back to the Neolithic, this may include evidence for ritual and funerary activity traditionally recorded and prospected for across Terrace 2.
Furthermore, dating indicates that the palaeochannels that dissect Terrace 1 and the floodplain are substantially younger than the underlying sands and gravels and indicate a predominantly avulsive (i.e. scouring) model of confluence evolution, with the channels periodically reoccupied and abandoned. Whilst there is some evidence of lateral meander migration visible on the LP DSM, it is clear that most migration has been constrained to a series of palaeochannel corridors dissecting the terrace surface. Together, this evidence suggests that preservation potential will be high.
Towards a generic methodology
Using the case study of the Trent-Soar confluence, this paper demonstrates that adopting a multi-methodological approach to archaeological prospection combining both airborne and ground-based geophysical remote sensing technologies, linked to more traditional field survey (both geomorphological and archaeological) is essential to understand the spatial pattern of valley floor archaeological records. Traditional approaches to airborne remote sensing have focused on aerial photography, but this is now being enhanced by digital elevation data captured using lidar, and to a lesser extent IFSAR (Challis 2006 ) and satelliteborne photographic imagery such as Corona (Alizadeh & Ur 2007) . Where disparities in the known archaeological record are apparent, it is essential to investigate beneath the ground surface and assess both the three-dimensional stratification, origin and postdepositional history of the sediments. Whilst some geophysical techniques such as resistivity and magnetometry have a long history of application for archaeological prospection (Gaffney & Gater 2003) increasing emphasis is being placed on the utilisation of other techniques such as GPR and ER. However, this study demonstrates that an awareness of ground conditions, particularly with respect to grain size and water tables are essential if these techniques are to be used to their full potential. Furthermore, high-resolution models of landscape development require radiometric-dating control. The collection of such large quantities of data requires significant storage and interactive analysis within a GIS. This project used ARC-GIS but a number of other products are available on the market; before deciding on what product to use, consideration should be given to the final repository for archaeological data and compatibility of systems.
In this study, combining archaeological data within a chronostratigraphic framework has provided the opportunity to critically examine the distribution of archaeology within the confluence zone by both geomorphological and age factors. This effectively provided an archaeological risk map, which zoned the valley floor into areas of high and low potential. Furthermore, it indicates that the development of strategies for archaeological prospection need to be tailored to contrasting parts of the landscape and requires a staged approach (Cooper 2006) . Whilst fieldwalking and analysis of aerial photographs will undoubtedly lead to the identification of further sites on the Pleistocene terraces where soils are relatively thin, these methods are unlikely to identify new sites on the thickly alluviated surface of Terrace 1 or the modern floodplain. Across these latter surfaces, subsurface prospection using a combination of coring, test pitting and selected geophysics, such as GPR and ER will provide more robust methodologies.
Conclusion
Significant research over the past few decades has demonstrated the archaeological wealth of the Trent-Soar confluence. However, the complex evolution of this landscape and others of similar character necessitates the development of innovative approaches to geoarchaeological prospection and archaeological mitigation. This paper has demonstrated that a tool-kit based on airborne and ground-based remote sensing technologies combined with elements of more traditional field survey can be effective. Lidar survey produced a high-resolution topographic model and associated landform assemblage map, which, when combined with information collected from subsurface strata using GPR and ER provided a powerful tool for elucidating landscape evolution and assessing the role of geological filtering (Bettis & Mandel 2002) and other taphonomic processes affecting the preservation of archaeological remains. The dynamic evolution of the river system around this confluence has undoubtedly eroded and truncated much of the archaeological resource, but has also been an agent of preservation, sealing sites both beneath and within fine-grained alluvium and by burying them within sands and gravels deposited by laterally migrating and/or avulsing river channels.
The chronostratigraphic terrace sequence model when dovetailed with the archaeological record provides an important tool for cultural resource management and the development of mitigation strategies. This combined approach has generic applicability to other temperate river systems around the globe.
